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ZKLFKVHW WKHEDUIRU WKHSURSHUVDIHW\LQVSHFWLRQRIDOO
KLJKZD\EULGJHVLQWKH8QLWHG6WDWHV7KH1%,6UHTXLUHVWKDWDOOURXWLQHLQVSHFWLRQVRFFXUDWLQWHUYDOVQRWWRH[FHHG
WZHQW\IRXUPRQWKV(DFKVWDWHRUIHGHUDODJHQF\PXVWSUHSDUHDQGPDLQWDLQDQLQYHQWRU\RIDOOEULGJHVVXEMHFW
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FROOHFWHGE\WKH)HGHUDO+LJKZD\$GPLQLVWUDWLRQ)+:$'DWDLVFROOHFWHGXVLQJ)+:$HVWDEOLVKHGSURFHGXUHVDV
RXWOLQHG LQ WKH ³5HFRUGLQJ DQG&RGLQJ*XLGH IRU WKH6WUXFWXUH ,QYHQWRU\ DQG$SSUDLVDO RI WKH1DWLRQ
V%ULGJHV´
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*,6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&ULWHULDVHOHFWLRQPHWKRGRORJ\
7KH1%,6GDWDZHUHGLYLGHG LQWR WKUHHPDLQFDWHJRULHVZKLFKGLUHFWO\RU LQGLUHFWO\DIIHFW WKHSULRULWL]DWLRQIRU
K\GUDXOLFYXOQHUDELOLW\RIDEULGJH7KHWKUHHPDLQFDWHJRULHVLQZKLFKWKHFULWHULDFDWHJRUL]HGDUHDK\GURORJLF	
K\GUDXOLFEVWUXFWXUDO	JHRWHFKQLFDODQGFVRFLDO LPSRUWDQFH)LJXUH 7KHK\GURORJLFDQGK\GUDXOLFIDFWRUV
PRVW GLUHFWO\ DIIHFW WKH K\GUDXOLF YXOQHUDELOLW\ RI D EULGJH EHFDXVH WKHVH IDFWRUV KDYH D GLUHFW LQIOXHQFH RQ WKH
DPRXQW RI IORRGLQJ RU VFRXU SRWHQWLDO  6WUXFWXUDO DQG JHRWHFKQLFDO IDFWRUV LQGLUHFWO\ DIIHFW WKH K\GUDXOLF
YXOQHUDELOLW\ EHFDXVH D GHILFLHQF\ LQ WKH VWUXFWXUH PD\ PDNH LW PRUH VXVFHSWLEOH WR IDLOXUH E\ K\GUDXOLF IRUFHV
6RFLDOLPSRUWDQFHIDFWRUVDUHFKDUDFWHULVWLFVWKDWVWDNHKROGHUVEULGJHRZQHUVWD[SD\HUVFRPPXWHUVUHVLGHQWVHWF
PD\IHHOWKDWDEULGJHVKRXOGUHFHLYHVSHFLDODWWHQWLRQWRHQVXUHWKDWLWUHPDLQVLQVHUYLFH
4.1. Hydrologic and hydraulic factors 
+\GUDXOLF DQG K\GURORJLF FKDUDFWHULVWLFV DUH WKRVH WKDW GHDO ZLWK WKH PHFKDQLFDO SURSHUWLHV RI ZDWHU  7KH
K\GUDXOLFIDFWRUVFRQVLGHUHGLQWKLVUHVHDUFKDUHFKDQQHODQGEULGJHJHRPHWULHVWKDWHIIHFWZDWHUSUHVVXUHIORZDQG
YHORFLW\7KHQXPEHURIVSDQV LVDJRRG LQGLFDWRURIZKHWKHUDEULGJHFRQVWULFWV WKH IORZRI WKHZDWHUZD\ LQ WKH
LPPHGLDWH DUHD 0XOWLSOH VKRUW VSDQV LQGLFDWH WKDW WKHUH DUHPXOWLSOHSLHUV LQ WKHZDWHU 7KLV UHGXFHV WKH FURVV
VHFWLRQDO IORZ DUHD XQGHU WKH EULGJH $ UHGXFHG FURVV VHFWLRQDO DUHD LQFUHDVHV WKH IORZ YHORFLW\ZKLFK LQ WXUQ
LQFUHDVHVHURVLRQSRWHQWLDOVFRXULQJRIWKHVWUHDPEHG'XULQJDIORRGHYHQWVXFKDVWKH\HDUVWRUPVFRXULQJ
PD\RFFXUUDSLGO\DQGWKHEULGJHPD\EHFRPSURPLVHGZLWKLQDVKRUWSHULRGRIWLPH7KH1%,6,WHPUHFRUGVWKH
QXPEHURIVSDQVIRUHDFKEULGJH

7KHUHGXFHGDUHDDOVRPDNHVWKHEULGJHPRUHSURQHWRIORRGLQJDQGRYHUWRSSLQJRIWKHURDGZD\,IWKHURDGZD\
LVIORRGHGPRWRULVWVZLOOQRWEHDEOHWRXVHWKHEULGJH%ULGJHVDUHFXUUHQWO\UDWHGE\WKH1%,6,WHPIRUWKHLU
DELOLW\ WR SDVV WKH \HDU VWRUP RU OHVV XQGHU WKHEULGJH %ULGJHV UDWHG H[SHULHQFH IUHTXHQW RYHUWRSSLQJ
ZKLOH EULGJHV UDWHG ZLWK D  VHOGRP H[SHULHQFH IORRGLQJ +RZHYHU WKLV LV EDVHG RQ KLVWRULF RU REVHUYHG IORRG
HYHQWVQRWSURMHFWHGIORRGLQJHYHQWVGXHWRFOLPDWHFKDQJH

:DWHUZD\HPEDQNPHQWZLWKHYLGHQFHRIVOXPSLQJHURVLRQRUORFDOIDLOXUHVDUHDQLQGLFDWLRQWKDWWKHFKDQQHOLV
YXOQHUDEOHWRIDLOXUHSDUWLFXODUO\GXULQJDIORRGHYHQW(PEDQNPHQWVZLWKZHOOHVWDEOLVKHGYHJHWDWLRQRUPDQPDGH
SURWHFWLRQVXFKDVVWHHOVKHHWLQJRUULSUDSDUHOHVVYXOQHUDEOH1%,6,WHPUDWHVFKDQQHOFRQGLWLRQDQGSURWHFWLRQ
PHDVXUHGIURPDSRRUFRQGLWLRQWRDVDWLVIDFWRU\FRQGLWLRQ

0DQ\RIWKHZDWHUZD\VWKDWEULGJHVFURVVDUHXQGHUQDYLJDWLRQFRQWUROE\WKH8QLWHG6WDWHV&RDVW*XDUG7KHVH
ZDWHUZD\V DUH LPSRUWDQW EHFDXVH VKLSV ERDWV IHUULHV DQG EDUJHV XWLOL]H WKH ZDWHUZD\ WR WUDQVSRUW JRRGV DQG
SDVVHQJHUV,IWKHZDWHUZD\LVEORFNHGRUWKHYHUWLFDOFOHDUDQFHXQGHUWKHEULGJHUHGXFHGPDULQHWUDIILFZRXOGEH
DIIHFWHG7KHYHUWLFDOFOHDUDQFHLVWKHPLQLPXPGLVWDQFHEHWZHHQWKHORZHVWSDUWRIDEULGJH¶VVXEVWUXFWXUHDQGWKH
IUHHZDWHUVXUIDFH7KH1%,6,WHPUHFRUGVWKHYHUWLFDOFOHDUDQFHLQPHWHUV,WLVH[SHFWHGWKDWYHUWLFDOFOHDUDQFH
ZLOOEH UHGXFHG WKURXJKRXW WKH VWXG\ UHJLRQDV VHD OHYHOV DUHSURMHFWHG WRFRQWLQXH WR ULVH %ULGJHVZLWKDOUHDG\
PLQLPDOYHUWLFDOFOHDUDQFHHJPZRXOGEHDIIHFWHGPRVW

%ULGJHV WKDWKDYHREVHUYHGRUFDOFXODWHGVFRXUFRQGLWLRQVDUHFRQVLGHUHG WREH VFRXUFULWLFDO 7KHVHKDYH WKH
KLJKHVWYXOQHUDELOLW\EHFDXVHVFRXUKDVRFFXUUHGRULVH[SHFWHGWRRFFXULQWKHIXWXUHGXHWRDVWRUPHYHQWRUORQJ
WHUPGHJUDGDWLRQRIWKHFKDQQHO

%ULGJHV ZLWK PXOWLSOH SLHUV LQ WKH ZDWHUZD\ DV ZHOO DV DEXWPHQWV SURMHFWLQJ WKXV FRQVWULFWLQJ IORZ DUH
LPSRUWDQWIDFWRUVZKHQGHWHUPLQLQJK\GUDXOLFYXOQHUDELOLW\VLQFHWKH\WHQGWRFRQVWULFWIORZ1%,6LWHPVDQG
OHQJWK RIPD[LPXP VSDQ DQG RYHUDOO VWUXFWXUH OHQJWK UHVSHFWLYHO\ZHUH FRQVLGHUHG 1%,6 ,WHP  QXPEHU RI
DSSURDFKVSDQVZDVDOVRVHHQDVDQLQGLFDWRURIFRQVWULFWLRQRIIORZ
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4.2. Structural and geotechnical factors 
7KH W\SH RI VWUXFWXUH LV DQ LPSRUWDQW IDFWRU  ,I WKH PDLQ VWUXFWXUH RI WKH EULGJH LV FRQWLQXRXV WKLV LV PRUH
VWUXFWXUDOO\ UHGXQGDQW WKDQD VLPSO\ VXSSRUWHGEULGJH $ UHGXQGDQW VWUXFWXUHKDVDOWHUQDWHSDWKV IRU WKH ORDGV WR
WUDYHOZKLFK FDQ DOORZ IRUPRUH WLPH WR UHPRYHPRWRULVWV IURP WKH EULGJH  7KH1%,6 ,WHP  JLYHV D JHQHUDO
FODVVLILFDWLRQWR WKHPDLQVXSHUVWUXFWXUHRI WKHEULGJH 6LPSO\VXSSRUWHGFRQFUHWHVODEVRUVWHHOIORRUV\VWHPVDUH
FODVVLILHGIURPWKURXJK7UXVVDUFKVXVSHQVLRQDQGPRYHDEOHEULGJHVDUHFODVVLILHGIURPWKURXJK

7KH\HDU WKHEULGJHZDVEXLOW LVDQ LQGLFDWRURI LWVYXOQHUDELOLW\ %ULGJHVEXLOWSULRU WR 1%,6 ,WHP
SDUWLFXODUO\DORQJWKHVRXWKVKRUHRIWKHVWXG\UHJLRQWHQGWREHFKDUDFWHUL]HGE\VLPSO\VXSSRUWHGVSDQVVKRUWVSDQ
OHQJWKVDQGSLHUVFRPSULVHGRIPXOWLSOHVKRUWWLPEHUSLOHV6KRUWVSDQOHQJWKVPD\PHDQWKDWPXOWLSOHSLHUVDUHLQ
WKHZDWHUZD\ZKLFKLQFUHDVHVREVWUXFWLRQWRIORZ7KHXVHRIWLPEHUSLOHVLQWKHHDUO\WKFHQWXU\ZDVFRPPRQ
EXWWKHWLPEHUSLOHVDUHRIWHQQRWHPEHGGHGHQRXJKWRUHVLVWVFRXURUWKHGHSWKRIHPEHGPHQWLVXQNQRZQ$OORI
WKHVH IDFWRUVPDNHDEULGJHPRUHYXOQHUDEOH WR IDLOXUH  ,QDGGLWLRQPDQ\EULGJHV LQ WKH1HZ<RUN&LW\FRDVWDO
UHJLRQZHUHEXLOWLQWKHHDUO\¶V0DQ\EULGJHVDUHOLNHO\WREHDWWKHHQGRIWKHLUVHUYLFHOLYHVDQGZLOOUHTXLUH
H[WHQVLYHUHFRQVWUXFWLRQRUFRPSOHWHUHSODFHPHQW7KHLPSDFWRIFOLPDWHFKDQJHSURMHFWLRQVVKRXOGEHLQFRUSRUDWHG
LQWRWKHGHVLJQ

1%,6 ,WHP  LQGLFDWHV WKH RYHUDOO UDWLQJ RI WKH VXSHUVWUXFWXUH GHFN URDGZD\ WUXVV PHPEHUV HWF DQG
VXEVWUXFWXUHSLHUVSLOHVDQGDEXWPHQWVRIWKHEULGJH%ULGJHVLQH[FHOOHQWFRQGLWLRQZLOOEHH[SHFWHGWRSHUIRUPDV
GHVLJQHGZKLOHEULGJHVLQSRRUFRQGLWLRQDUHPRUHOLNHO\WREHYXOQHUDEOHWRIORRGLQJDQGVFRXU
4.3. Social importance factors 
7KHSXUSRVHRIWKHVRFLDOLPSRUWDQFHFULWHULDIRUWKHSXUSRVHRISULRULWL]DWLRQLVWRJLYHDQLQGLFDWLRQRIWKH
LPSDFWDEULGJHZRXOGKDYHRQWKHSRSXODWLRQLILWZHUHWRIDLOEHWDNHQRXWRIVHUYLFHFRPSOHWHO\RUKDYHDUHGXFHG
OHYHORIVHUYLFHHJOHVVWUDYHOODQHVDYDLODEOHGXHWRUHSDLUZRUN1RWDOOEULGJHVDUHFUHDWHGHTXDOVRWRVSHDN
5RDGV DUH FDWHJRUL]HG DV KLJKZD\V LQWHUVWDWH VWDWH DQG FRXQW\ VWUHHWV DQG URDGV 1%,6 ,WHP   ,QWHUVWDWH
KLJKZD\VDUHW\SLFDOO\KXQGUHGVRIPLOHVORQJZLWKPXOWLSOHODQHVZKLOHURDGVFDQEHMXVWDVLQJOHODQHDQGOHVVWKDQ
DPLOHORQJ$VDUHVXOWEULGJHVFDUU\LQJLQWHUVWDWHKLJKZD\WUDIILFDUHW\SLFDOO\RIKLJKHULPSRUWDQFHWKDQDORFDO
URDG

$QRWKHUPHDQVRILGHQWLI\LQJWKHLPSRUWDQFHRIDEULGJHLVWKHDYHUDJHGDLO\WUDIILF$'77KH$'7LVDUHFRUG
RI WKH DYHUDJHQXPEHURI YHKLFOHV WKDW WUDYHUVH WKHEULGJH HDFKGD\ 1%,6 ,WHP %ULGJHV WKDW VHUYH D ODUJH
QXPEHURIPRWRULVWVDUHOLNHO\RIJUHDWHULPSRUWDQFHWKDQEULGJHVVHUYLQJDVPDOOQXPEHURIPRWRULVWV

7KHVRFLDOLPSRUWDQFHRIDEULGJHLVDOVRUHIOHFWHGLQWKHE\SDVVRUGHWRXUOHQJWKDPRWRULVWZRXOGKDYHWRWUDYHO
VKRXOG WKH EULGJH EHFRPH RXW RI VHUYLFH 'HWRXU OHQJWK 1%,6 ,WHP  LV GHILQHG DV WKH DPRXQW RI DGGLWLRQDO
NLORPHWUHV WKDW DPRWRULVWZRXOG KDYH WR WUDYHO LQ RUGHU WR UHDFK KLV RU KHU GHVWLQDWLRQ  7KH JUHDWHU WKH GHWRXU
OHQJWKWKHJUHDWHUWKHWUDYHOWLPHDQGHFRQRPLFFRVWHJJDVROLQHWKHPRWRULVWZLOOH[SHULHQFH6LQFHWKHDYHUDJH
FRPPXWHULQWKH1HZ<RUN&LW\5HJLRQH[SHULHQFHVDFRPPXWHRIPLQXWHVDGHWRXURINPZRXOGHVVHQWLDOO\
GRXEOHWKHFRPPXWHWLPH

7KHSUHVHUYDWLRQRIDEULGJHZLWKKLVWRULFDOVLJQLILFDQFH1%,6,WHPLVRIWHQLPSRUWDQWWRDFRPPXQLW\7KH
KLVWRULFDOVLJQLILFDQFHRIDEULGJHPD\LQYROYHDYDULHW\RIFKDUDFWHULVWLFV7KHEULGJHPD\EHDXQLTXHH[DPSOHRI
WKHKLVWRU\RIHQJLQHHULQJDUFKLWHFWXUHRUDUW7KHFURVVLQJLWVHOIPLJKWEHVLJQLILFDQWEHFDXVHLWLVDVVRFLDWHGZLWKD
VLJQLILFDQWHYHQWRUFLUFXPVWDQFH:LWKLQWKH8QLWHG6WDWHVEULGJHVPD\EHGHVLJQDWHGDVKLVWRULFE\WKH1DWLRQDO
5HJLVWHURI+LVWRULF3ODFHV
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6HOHFWLQJSULRULWL]DWLRQFULWHULDIRUWKH1HZ<RUNFRDVWDOUHJLRQ
8VLQJ WKH IDFWRUV LGHQWLILHG WKH SULRULWL]DWLRQ FULWHULD ZHUH GHYHORSHG VSHFLILFDOO\ IRU WKH 1HZ <RUN FRDVWDO
UHJLRQ%ULGJHVZLWKLQWKH1HZ<RUNFRDVWDODUHDZHUHLQLWLDOO\FDWHJRUL]HGLQWRKLJKPHGLXPDQGORZSULRULW\IRU
WKHKLVWRULFFOLPDWHFRQGLWLRQ$IWHUDK\GUDXOLFDQGVFRXUDQDO\VLVZDVSHUIRUPHGWKHEULGJHVZHUHUHSULRULWL]HG
IRU WKH SURMHFWHG FOLPDWH FRQGLWLRQ  7KH1%,6 ,WHPV VHOHFWHG IRU WKH SULRULWL]DWLRQ SURFHVV DUH GLVFXVVHG LQ WKH
IROORZLQJVHFWLRQV
5.1. Critical priority 
)RU WKH SXUSRVH RI WKLV VWXG\ D QHZ FDWHJRU\ ZDV DGGHG FDOOHG ³FULWLFDO´  7KH QHHG IRU WKLV SULRULWL]DWLRQ
FDWHJRU\ ZDV LGHQWLILHG DIWHU D K\GUDXOLF DQG VFRXU DQDO\VLV ZDV SHUIRUPHG IRU EULGJHV WKDW ZHUH IRXQG WR EH
XQGHUPLQHGRUFRPSURPLVHGIRUWKHSURMHFWHGFOLPDWHFRQGLWLRQRIVHDOHYHOULVH$EULGJHFDWHJRUL]HGDV³FULWLFDO´
LV RQHZKRVH VWUXFWXUH VDIHW\RU VHUYLFHDELOLW\PD\EH FRPSURPLVHGGXH WR DQREVHUYHGRU FDOFXODWHG FRQGLWLRQ
%ULGJHVFODVVLILHGDVFULWLFDOIRUWKHKLVWRULFFOLPDWHFRQGLWLRQDUHHLWKHUFORVHGWRYHKLFXODUWUDIILFRUDUHUHFHLYLQJ
LPPHGLDWHFRUUHFWLYHDFWLRQVXFKDVUHFRQVWUXFWLRQRUFRXQWHUPHDVXUHV%ULGJHVFXUUHQWO\FORVHGWRWUDIILFKDYHQRW
EHHQLQFOXGHGLQWKLVVWXG\VLQFHWKHIXWXUHRIWKHVWUXFWXUHZDVXQNQRZQ
5.2. High priority 
7KHUDWLRQDOHIRUWKHVHOHFWLRQRI³KLJKSULRULW\´FULWHULDZDVWRLGHQWLI\IDFWRUVWKDWDUHWKHPRVWGLUHFWLQGLFDWRUV
RIK\GUDXOLFYXOQHUDELOLW\)RUWKH1HZ<RUNFRDVWDOUHJLRQDEULGJHLVFRQVLGHUHGWREHRI³KLJKYXOQHUDELOLW\´LI
DQ\RIWKHIROORZLQJFRQGLWLRQVH[LVW,I,WHP6FRXU&ULWLFDO%ULGJHVLVUDWHGHLWKHUDRUWKHEULGJHKDVDQ
REVHUYHGRUFDOFXODWHGVFRXUFRQGLWLRQ7KLVPHDQVWKDWVFRXUKDVRFFXUUHGLQWKHDUHDRIWKHEULGJHDQGKDVEHHQ
GRFXPHQWHGLQLQVSHFWLRQUHSRUWVRUDQHQJLQHHULQJDQDO\VLVLQGLFDWHVWKDWWKHEULGJHIRXQGDWLRQZRXOGEHXQVWDEOH
IRUFDOFXODWHGVFRXUFRQGLWLRQV%ULGJHVZLWKDQ,WHP&KDQQHODQG&KDQQHO3URWHFWLRQUDWLQJRIRUOHVVKDYH
H[SHULHQFHGVWUHDPEHGGHJUDGDWLRQPRYHPHQWRUIDLOXUHRIEDQNSURWHFWLRQ%ULGJHVZLWKWKHVHUDWLQJVLQGLFDWHD
KLJKYXOQHUDELOLW\WRVFRXUDQGSRWHQWLDOVWDELOLW\SUREOHPV)RU:DWHUZD\$GHTXDF\1%,6,WHPEULGJHVZLWKD
UDWLQJ RI  RU OHVV H[SHULHQFH RFFDVLRQDO WR IUHTXHQW RYHUWRSSLQJ RI WKH EULGJH GHFNLQJ GXULQJ IORRGLQJ HYHQWV
%ULGJHVZLWKDYHUWLFDOFOHDUDQFH1%,6,WHPRIOHVVWKDQPZHUHVHOHFWHGVLQFHWKH\PD\QRWEHDEOHWRSDVV
WKHVWRUPVXUJHZLWKWKHSURMHFWHGVHDOHYHOULVHRIPE\1%,6LWHPVDQGEULGJHVZLWKDPD[LPXP
VSDQ WRRYHUDOOVWUXFWXUH OHQJWKUDWLRRIZHUHFRQVLGHUHGKLJKSULRULW\ %ULGJHVZLWKPRUHZLWKRU
PRUHSLHUVLQWKHZDWHUZD\1%,6,WHPZHUHLGHQWLILHGDVKLJKSULRULW\7KHVHOHFWLRQIRUWKHQXPEHURISLHUV
ZDVEDVHGRQILQGLQJVIURPWKHK\GUDXOLFDQGVFRXUDQDO\VLVSHUIRUPHGRQWKHFDVHVWXGLHV
5.3. High priority 
³0HGLXP SULRULW\´ FULWHULD LQFOXGH LQGLUHFW LQGLFDWRUV RI K\GUDXOLF YXOQHUDELOLW\ RU RWKHU IDFWRUV WKDW DUH RI
LPSRUWDQFH WR EULGJH RZQHUV DQG VWDNHKROGHUV  ,I ,WHP  6WUXFWXUDO (YDOXDWLRQ LV UDWHG  RU OHVV WKH EULGJH
VWUXFWXUHLVEDVLFDOO\LQWROHUDEOHDQGUHTXLUHVKLJKSULRULW\IRUFRUUHFWLYHDFWLRQ$JDLQWKHDYHUDJHFRPPXWHULQWKH
1HZ<RUN&LW\5HJLRQH[SHULHQFHVDFRPPXWHWLPHRIPLQXWHVDGHWRXURINPZRXOGHVVHQWLDOO\GRXEOHWKH
FRPPXWH WLPH  7KXV EULGJHV ZLWK D GHWRXU OHQJWK 1%,6 ,WHP  UDWLQJ RI NP RU PRUH DUH FRQVLGHUHG RI
³PHGLXPSULRULW\´%ULGJHVZLWKDQ$'7RIYHKLFOHVSHUGD\RUPRUHDVSHU1%,6,WHPZHUHVHOHFWHG
GXHWRWKHLPSDFWWKH\ZRXOGKDYHVKRXOGWKH\JRRXWRIVHUYLFH$VLJQLILFDQWQXPEHURIEULGJHVZHUHEXLOWSULRUWR
LQWKHUHJLRQ)RUWKLVUHDVRQDOOEULGJHVEXLOWSULRUWRDVSHU1%,6,WHPZHUHSODFHGLQWKLVJURXS
VLQFHWKH\DUHQRZRYHU\HDUVRIDJHDQGPDQ\KDYHGHVLJQFKDUDFWHULVWLFVWKDWDUHQRWIDYRXUDEOHK\GUDXOLFDOO\
RUDUHQRWVWUXFWXUDOO\UHGXQGDQW/DVWO\EULGJHVGHVLJQDWHGDVKLVWRULFRUVRRQWREHKLVWRULFZLWKDQ1%,6,WHP
UDWLQJRIRUOHVVDUHFRQVLGHUHGLQWKLVFDWHJRU\GXHWRWKHLUVLJQLILFDQFHWRWKHFRPPXQLW\
346   Gerarda M. Shields /  Procedia Engineering  145 ( 2016 )  340 – 347 

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